Abstract. We will discuss the observed, heavily damped transversal oscillations of coronal loops. These oscillations are often modeled as transversal kink oscillations in a cylinder. Several features are added to the classical cylindrical model. In our models we include loop curvature, longitudinal density stratification, and highly inhomogeneous radial density profiles.
Introduction
Coronal loop oscillations were first observed with TRACE by Schrijver et al. (1999) , Aschwanden et al. (1999), and Nakariakov et al. (1999) . A more extensive study was performed by Schrijver et al. (2002) and Aschwanden et al. (2002) , who published the observational properties of 11 such events. Recently, Verwichte et al. (2004) detected both fundamental and overtone oscillations in a coronal loop arcade. While all these oscillations are perpendicular to the coronal loop plane, vertical oscillations have recently been reported by Wang and Solanki (2004) . It is generally accepted that the nature of these oscillations is a fast magnetosonic kink (m = 1) oscillation. Often they are interpreted in terms of quasi-modes (see e.g., Ruderman and Roberts, 2002) . These quasi-modes are damped by resonant absorption, which actually rapidly converts the fast kink mode to torsional Alfvén waves. The generated Alfvén waves are then available to heat the coronal loop (Moriyasu et al., 2004) to observed temperature profiles (Landi and Landini, 2004) .
Analytical calculations in cylindrical configurations of the frequency and damping times of such quasi-modes were published by Hollweg and Yang (1988) , Goossens et al. (1992) , and Goossens et al. (1995) . In these analytical derivations, it is assumed that the radial inhomogeneity is quasi-discontinuous. Numerical calculations concerning more realistical radial inhomogeneity profiles were done by Hollweg (1990) and Van Doorsselaere et al. (2004a) .
The observed oscillations also provide an excellent tool for coronal seismology. Nakariakov and Ofman (2001) used them to obtain an estimate for the value of the magnetic field in coronal loops and Goossens et al. (2002) and Aschwanden et al. (2003) exploited these oscillations to calculate the density ratio (internal/external) for a set of loops and compared it with the observed values. They found an agreement between the observed and calculated values within a factor 2, which is excellent, given the observational constraints.
Classical Model and Improvements
An often used model applies linearized MHD to a static equilibrium and neglects gravitation and gas pressure (plasma-β = 0). Additionally, the curvature of the loop is neglected and cylindrical geometry is assumed. The equilibrium magnetic field is taken in the z-direction only and is assumed to be uniform everywhere.
Consequently, the equilibrium density profile can be chosen freely. The coronal loop is then modeled by a density enhancement. Often a model with two cavities of constant density is used, the internal loop and the external medium. These two cavities are then connected at the loop radius R with a layer of thickness l (see Figure 1) , where the density smoothly varies from the internal to the external value.
The perturbations are Fourier-analyzed in the z-and θ -direction (with Fourier numbers k z and m).
Obvious improvements of the model are to include curvature, to allow variation of the density along the loop, to add nonlinear effects, to include chromospheric upflows and footpoint leakage, . . .
The first two are discussed in Sections 3 and 4. 
